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Abstract 

The  rreparati<»i  of  alkalino  earth  polyuramtes  is  oriti- 
oally  discussed,  and  it  appears  thermal  deocn^osition  of 

the  double  alkaline  earth  umnyl  acetates  proridos  the  simplest 
apprcaoh  to  the  sycthecis  of  these  compounds#  UgHgOy  undsrgoes 
reversible  deocmposition  at  elevated  temperatures*  Equilibrium 
studies  of  this  decomposition  are  deaorib^jd,  and  the  phase  re- 
laticnships  of  this  system  are  dieoussed.  Preliminary  obser* 
vationa  on  the  disaooiation  of  the  oaloium,  strontium,  and 
bariuD  compounds  are  alao  discussed* 

The  vork  described  here  is  part  of  o  general  investigation  of  metal 

tiranates  and  polyuranates*  The  material  given  here^  hcaever,  inoludea 

only  the  diur&natee  of  magnesium,  calcium,  etroatiun,  and  barium# 

A  number  of  xnethods  for  the  preparation  of  these  compo^inds  may  be 

found  in  the  literature* 

A*  methods* 

I*  Pusion  of  0^00  or  UO^  siith  the  alisaline  ef.rth  chloride  (metal 
oxice  may  also  be  added}* 

50  +  2  U3O3  +  3  MeCl^  — ^  3  Metl^OY  3  OI2 

It  is  very  difficult  to  completely  oxidise  the  uranium,  even  on 
long  heating*  Metal  chlorates  nmy  be  added  to  hasten  cacidation, 
but  this  is  hasardous*  Addition  of  the  metal  carbonate  has  b€»en 
suggested  to  moderate  the  chlorate  deocoipcslticai,  but  thii  fur¬ 
ther  contaminates  the  sample  mith  metal  oxide*  Method  I  has 
also  been  used  as  a  preparative  method  for  the  uranates: 

0  +  TI3O8  +  3  ltoCl2 - 3  MeUOlj  +  5  Cl2 

Slna*  eui  ezoaae  of  motal  ohlorido  is  used  for  the  igaitlon.  It 
soems  likely  liiat  uranate,  rather  than  diuranate  should  bo  formed. 
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3»  Wet  siethodo; 

2*  Additic^  of  a  solution  of  laetRl  hydroxide  to  ono  contaiaing 
uranyl  ion  to  precipitate  the  diuracate*  The  relative  incclu- 
bility  of  the  metal  hydroxides  as  «ell  as  tlxo  necessity  for  ex¬ 
clusion  of  carbon  dioxide  argues  against  the  use  of  this  method « 
3o  Addition  of  cuBoonlxm  ion  to  a  soluti<«i  containing  uranyl  and 
alkaline  earth  metal  ions.  Very  dilute  solutims  must  be  used 
to  minimise  oopreoipitation  of  amaaonium  diurane.te  which  is  con¬ 
verted  to  on  ignition. 

li*  Dissolution  of  uranyl  niti^te  in  ether  and  addition  of  metal 
oxide  to  form  the  diiiranate.  This  method  has  been  used  for  the 
preparation  of  CatJgO^p  but  it  is  difx'ioult  to  obtain  complete 
reaction  of  the  oxide. 

5.  Precipitation  of  the  icetal-uranyl  double  acetate  and  tui¬ 
tion  of  this  compoimd  to  the  diuranate.  This  nethod  had  been 
described  in  the  literature  for  the  preparation  of  barium  di- 
uranate.  Since  the  corresponding  magnesium,  calcium,  and  stron¬ 
tium  uranyl  aoetates  |Me(IK}g)2(^^}6*^2^  also  been  pre¬ 
pared,  it  was  to  be  expected  that  ignition  of  these  salts  would 
give  the  desired  products  in  a  pure  state. 

The  preparative  method  consisted  in  dissolving  uranyl  aoetate  and  al¬ 
kaline  earth  aoetate  in  a  minimum  volume  of  2  H  aoetio  aoid  at  about  75^0 • 
If  orystallisation  occurred  on  cooling  to  room  temperature,  the  solution 
was  then  oooled  to  O^C,  filtered  and  the  crystals  of  double  acetate  mashed 
with  alcohol  and  then  with  ether.  If  no  orystallisation  took  place  on 
cooling  to  room  toi^eraturo,  the  solution  mas  evaporated  slomly  (^50®C) 
until  it  was  suffiolontly  oonoentrated  to  o2"^^stalli*o  on  oooling. 
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Az2Alyed8  obtained  on  the  dried  (^°C)  acetates  gave  the  results  tabu-* 
lated  in  Table  1  indicating  that  this  method  tvas  eatisfaotozy* 


Ho(TO2)2(QAo)6*6^ 

Double  acetate  analysed 

Me 

Ca 

8r 

Ba 

%  alk«  earth  ion  found 

2.355 

3.89 

12.73 

. 

%  •  "  •  thoo. 

2.37 

3.8ii 

12*86*  **  dihydrate 

%  uranium  found 

i)6.0 

1*1*.25 

%  *  theo« 

iHII 

1*5.67 

liU.S?* 

uranium  . « 

■^^■■-1.1.  ratio 
alk*  earth 

2*01 

1.99 

- 

2*01 

' 

i 

Ignition  of  the  double  acetates  vaa  aocoo^lished  by  heating  slowly 
in  a  muffle  furnace  to  730^0*  Deccxoposition  appeared  to  be  complete  at 
^  but  the  sau^lec  were  ignited  to  the  higher  temperature  to  in-* 

sure  erec^leticn  of  the  deoosiposition*  The  products  were  identified  hy 
oomparison  of  the  change  in  vei^t  on  ignition  with  the  calculated  change 
for  conversion  to  the  dluranate*  Samples  were  also  prepared  for  x-ray 
study  by  Vr*  Zachariasan* 

Qimlitative  observations  on  the  allrallne  earth  diu2*anates  showed  that 
on  ignition  in  air  they  turned  grey  to  black  in  color  with  loss  in  T^oight* 
Further  heating  at  a  ecnewhat  lower  temperature  resulted  in  reconversion 
to  the  original  diuranate« 

Quantitative  investigation  of  this  propez*ty  of  mainesiua  diuranete^ 
HgUgOy^  was  carried  out  in  the  apparatus  shown  in  Fig»  2*  The  results 
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indtiomt*  that  the  Iona  of  oisygen  ocowre  in  two  atepa,  tiie  fomula  of  tifo 
first  deooB^csition  product  being  Mgt>206.67«  second  lJg1l206. 

The  foriEulas  were  deterained  by  msasuring  the  toIuds  of  oxygen  required 
to  reconvert  to  MglfeOy.  Bquilibrium  pressures  of  oxygen  over  Mgt^aOy  - 
UgV^O^  67  ®E^®6»67  “  aixtures  have  been  obtained  and  are  given 

in  Table  2.  The  pressures  are  reproducible  and  do  not  depend  on  the  way 
in  which  equllibriua  is  approached. 

Ihble  2 

Bquilibriua  Oxygen  Pressures  over  MgT^07  -  1*6^206.67 


and  llgl^206.67  “  1*6^206  fixtures 


T«9zqp« 

(®c) 

Bquilibriua  Oo^gen  Pressure  (an)  | 

BglfeO^  - 

**60206.67 

1*60206.67  - 

llg0206 

800  1  0.5  1 

- 

- ! 

850  ! 

2.0 

- 

900 

7.5 

, 

950  1 

19.0 

1000 

55.0 

laO 

1025 

93.0 

2.5 

1050 

lltB 

5 

1075 

• 

9 

1100 

- 

16.5 

1125 

■ 

32.0 

The  respective  heats  of  reaction  can  be  calculated  froa  the  equili*- 
briua  pressures.  For  the  first  reactioni 
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MgU20y  +  oa?  0(2  ah  =  64,000  cal/aole 

lOOO^C  «  6,500  oal/*oia 
As®  »  45*2  cal/fflole/dtgroa* 

the  ©stimted  t«^rfttur©  at  whifth  the  •quilibrium  pressure  would  be  1  at- 
moephsre  is  1145^0*  and  the  approximate  temperature  at  which  will 

decGiipoca  in  air  is  1055^*  Since  the  preesures  obtained  are  equilibrium 
pressures,  according  to  the  phase  rule  there  aiuit  be  two  solid  phases  pre- 
S0nt-^i*e#,  the  ndxture  cannot  be  a  solid  solution  of  continuously  vwrying 
ooBX  ^siticm*  The  same  holds  true  for  the  second  steps 

^^6.67  •♦•0.33  O2  AK  -  08,000  oal/nolo 

e  i0,400  cal/mole 
As®  *  56*5  oal/aole/dogree. 

The  tesiperatiire  at  which  the  oxygen  pressure  reaches  ^^e  atsiosphere  is 
1500®C  for  thie  reaction,  and  air  equilibrltan  is  attained  at  about  1200®C. 

The  cacidation  of  llg^^6  and  Wg020$,67  heen  studied  to  detemine 
seni-quantitatlTdly  the  rate  of  z^otion  and  the  heat  of  actlTmtion,  and, 
if  possible,  to  find  out  something  ooncemlug  the  mechanicm  of  the  reaction. 
The  following  observations  were  made* 

1.  The  rate  of  oxidation  is  independent  of  oxygen  preseure,  except 
possibly  at  extremely  Im  pressures* 

2*  The  oxidation  of  lSgIJ2^6*67  takes  place  at  the  rate  of  2»4  par 
cent/oin  at  730^0,  and  1«2  per  cent/tin  at  700®C.  These  values  give  an 
approximate  heat  of  activation  of  36,000  cal/mole* 

3*  The  oxidation  of  MgTJ205  takes  place  at  a  lower  temperature,  the 
rate  at  550®C  being  ocmparable  with  that  of  MgT^O^^gy  at  700®C*  At  550®C, 
the  oaloulated  oxidaticc  ret*  of  Mgt^6.67  i«  0,0k  per  cenV^dn.  It  ha* 
not  been  determined  whether  the  OQvidation  of  MgU206  takes  place  in  one  or 
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mare  steps •  A  plot  of  log  per  cent  MgU^O^  ts  time  does  not  give  e  atmigh 
line,  but  it  is  difficult  to  picture  e  two-step  reaction  when  it  has  bcsn 
sham  that  llgl^5^67  react  at  this  temperature* 

As  the  reaoticn  tube  oontaiaing  either  MgTJgOg  or  ^6^06*67 
Initially  heated  to  the  reaction  temperature  of  500®  or  700®C  for  each 
nm,  in  the  f irst  minute  a  prelinlnary  absorption  of  osygen  is  obsez*ved 
amounting  to  about  13  per  oent  of  the  calculated  amount  required  for  oodi- 
plete  oxidation*  Further  investigation  of  this  portion  of  the  oxidation 
process  indicated  that  it  was  not  a  surface  phenomenon  since  grinding  of 
the  sasLple  to  increase  surface  area  did  not  alter  the  percentage  of  oxygen 
r0aotir>g«  ^'-*ray  samples  taken  at  both  extremes  of  the  13^  range  shoved 
only  me  phase  in  each  case* 

Oxygen  absorption  occurred  at  temperatures  as  lov  as  200^0  (oempared 
with  /^500®C  for  the  reicainder  of  the  reaction)*  These  observations  in¬ 
dicate  that  there  nay  be  a  range  of  solid  solution  between  and 

Dr*  2aohariasen  has  indicated  that  the  coenpound  Slgl^Oy  nay  aotimlly 
not  be  a  single  phase  but  rather  a  mixture  of  kgU0j[^  and  a  second  phnse 
which  may  be  3lgU30io. 

Preliminary  observations  indicate  that  the  other  alkaline  earth 
diuranstes  also  lose  oxygen  at  elevated  tcmiperaturcs ,  and  similar  studies 
are  in  progress. 
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